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5 103 33 272 

Spring element made from a ferritic chromium steel 

10 The invention relates to a spring element, in 
particular a spring rail for wipers^ as are used for 
the generally curved windshields of motor vehicles, 
rail-borne vehicles, ships and aircraft. 

15 Wipers usually comprise a wiper lever with a wiper 
blade composed of a spring rail and a wiper strip which 
is pressed onto the screen to be cleaned with the aid 
of spring forces , To achieve the necessary cleaning 
action, it is necessary for elastomeric wiper strip 

20 always to bear tightly against the screen surface 
irrespective of the curvature of the screen. This is 
ensured by spring elements arranged between the wiper 
lever and the wiper strip, in particular including the 
spring rail, the length of which substantially 

25 corresponds to that of the elastomeric wiper strip. 

However, high driving speeds and/or wind speeds give 
rise to turbulence and vibrations, with the result that 
the wiper strip does not bear uniformly and with 
30 sufficient force against the screen over its entire 
length and/or throughout its entire reciprocating 
motion, with the result that films of water and dirt 
adhering to the screen are not reliably removed . 

35 Modern wipers comprise a main bracket which is arranged 
in articulated fashion on a motor-driven wiper lever 
and has a claw bracket articulatedly secured to each of 
its two ends. The claw brackets are articulatedly 
connected at one end to a spring rail and at the other 
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end to claws, the two ends of which are in each case 
connected, via joints, to the spring rail. The spring 
rail is embedded in the elastomeric wiper strip over 
its entire length. 

5 

The spring system, which in total comprises five 
brackets and a spring rail, is intended to ensure that 
the wiper strip bears uniformly against the screen . To 
achieve this, and in particular to suppress rattling 
10 vibrations, the distances between the two claw brackets 
and the length of the latter have to be matched to the 
screen geometry. Further criteria are the size of the 
screen surface to be covered, the length of the wiper 
blades, the orientation of the reciprocating-motion 
15 axis of the wiper arm with respect to the screen 
surface and in particular the spring force and the 
width and thickness of the spring rail. It is scarcely 
possible to record these parameters by calculation; 
consequently, the nature of the claw brackets and their 
20 position with respect to the wiper blade are generally 
based on practical experience. 

Despite all efforts, it has only to a certain extent 
been possible to avoid rattling and the occurrence of 
vibrations at high driving speeds and/or wind speeds. 
Accordingly, the result of wiping is unsatisfactory 
and, moreover, there is extensive abrasion to the 
wiping edge of the wiper strip, as well as disruptive 
operating noise, and furthermore the service life of 
the wiper strip is shortened. 

To reduce the noise, European laid-open specification 
1 288 089 A2 proposes reducing the coefficient of 
friction of a wiper strip with a special profile with 
35 the aid of a polymer coating. However, this is not only 
highly complex but also makes it easier for vibrations 
to occur as a result of the lower coefficient of 
friction. Furthermore, PCT laid-open specification 
wo 01/58732 Al proposes using two spring rails running 
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parallel to one another but with different resonant 
frequencies instead of a single spring rail extending 
over virtually the entire length of the wiper strip, in 
order to suppress the occurrence of wiper blade 
5 vibrations. However, different resonant frequencies 
require spring rails which differ in terms of their 
cross section and/or material, and therefore entail 
additional outlay both on production and on stocks- 
holding and in terms of spare parts. An additional 
10 factor is that it is only possible to avoid vibrations 
by using two spring rails with different resonant 
frequencies within a relatively narrow frequency 
window, and therefore it is not possible to cover all 
operating or vibration states which occur in practise. 

15 

The material used for spring elements and spring rails 
is usually alloyed steels, since pure carbon steels 
have poor damping properties and therefore do not break 
down disruptive vibrations sufficiently quickly. This 
20 is because scarcely any energy-consuming processes take 
place within the microstructure , 

In view of this background, the problem on which the 
invention is based is to improve the vibration 
25 properties of spring elements, for example the wiping 
performance of wipers having a spring rail. 

To this end, the invention proposes that the material 
used for spring elements, in particular spring rails, 

30 be a ferritic chromium steel comprising 0.03 to 0.12% 
of carbon, 0.2 to 0.9% of silicon, 0.3 to 1% of 
manganese, 13 to 20% of chromium, 0.1 to 2.0% of 
molybdenum, 0.05 to 1.0% of copper, 0.02 to 0,05% of 
nitrogen, less than 0.01% of titanium, 0.01 to 0,10% of 

35 niobium and 0.02 to 0.25% of vanadium, remainder iron. 

The steel may contain at most 0.1% of carbon, at most 
1.5% of molybdenum and 0.1% of copper up to 0.5%, and 
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at least 0.03% of nitrogen, individually or in 
combination with one another, 

A steel containing 0.06 to 0*1% of carbon, 15 to 18% of 
5 chromium and 0.8 to 1.5% of molybdenum has proven 
particularly suitable. 

The spring element according to the invention has a 
coercive force He of from 190 to 240 A/cm and a 
10 saturation magnetization Jj^^ of from 1,45 to 1.75 

This data can be achieved, for example, by cold strip 
or flat wire formed from the alloy according to the 
invention being cold- formed and then solution-annealed 
15 and cooled in air or quenched with water, so as to set 
a magnetizable micros tructure having the abovementioned 
magnetic saturation* Then, the desired coercive force 
can be set, if appropriate in steps, with the aid of at 
least one further cold-forming operation. 

20 

To improve the mechanical and/or optical properties, 
the starting material or the spring element (spring 
rail) may be provided with a preferably 50 to 150 ]im 
thick coating of a thermosetting powder coating. The 
25 coating is produced under the action of heat and is 
inevitably associated with tempering of the material. 

The spring elements according to the invention are 
distinguished by a high spring force and a high 

30 resistance to weathering, and in particular by a spring 
magneto-mechanical vibration damping. The advantageous 
damping performance makes it possible to dispense with 
the complex claws and if appropriate also the claw 
bracket, and therefore provides a wiper in which the 

35 wiper arm acts directly on the spring rail via the main 
bracket . 

The microstructure consisting of ferrite and martensite 
with nonmagnetic fine precipitations, such as nitrides 
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and carbonit rides, ensures high initial damping, the 
cause of which is stress-induced domain boundary 
formation of the microstructural constituents. This 
involves internal changes in the magnetization, such as 
stress-induced inelastic domain boundary movements, 
which lead to eddy current losses and thereby consume 
vibration energy. 

The invention is explained in more detail below on the 
basis of drawings in combination with exemplary 
embodiments. In the drawings: 

Fig, 1 shows the structure of a conventional wiper 
arm. 

Fig. 2 shows a measuring apparatus for determining the 

vibration performance of spring rails. 
Fig. 3 shows a graph illustrating the vibration 

performance of conventional spring rails. 
Fig. 4 shows a graph illustrating the vibration 
performance of a spring rail according to the 
invention compared to two spring rails made 
from conventional steels. 

According to the illustration shown in Fig. 1, a 
conventional wiper comprises a wiper arm 1, the end of 
which is articulatedly connected to a main bracket 2. 
In each case one claw bracket 3, 4 is articulatedly 
mounted at both ends of the main bracket. The ends 5, 6 
of the longer limbs of the claw brackets 3, 4 engage in 
an articulated manner on a spring rail 7 which, 
together with an elastomeric wiper strip 8, serves as 
wiper blade for removing water and dirt from a vehicle 
screen. 

35 The shorter limbs of the claw brackets 3, 4 , by 
contrast, are each connected, via joints 10, 11, to a 
claw 12, 13, the ends of which act in an articulated 
manner on the spring rail 7, 
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The use of a spring rail according to the invention 
makes it possible, in a wiper of the type presented, to 
dispense with the two claw brackets 3, 4 or also with 
the claws 12, 13. This reduces the assembly costs for 
5 the wiper by approximately 50%. This is true 
irrespective of the cross-sectional profile of the 
spring rail, the advantageous damping properties of 
which manifest themselves for various profiles. 

10 Table I below gives the compositions for five chromium 
steels according to the invention El to E5 and seven 
comparative steels C6 to C12. 

Table I 

15 



steel 


% C 


% Si 


% Mn 


% Cr 


% Ni 


% Mo 


% Cu 


% N 




















El 


0.06 


0,50 


0.65 


17.3 


0.26 


0.15 


0.21 


0,030 


E2 


0,07 


0.52 


0.48 


17.0 


0.32 


0.14 


0.15 


0 . 045 


E3 


0,08 


0.48 


0.52 


16.2 


0.35 


0.10 


0.12 


0.040 


E4 


0.10 


0,65 


0.61 


17.6 


0,40 


0.07 


0.15 
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E5 


0.06 


0,44 


0.92 


16.8 


0,30 


0.82 


0.35 


0.035 
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0.58 


0.49 


17.1 
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0.12 
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0.09 
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C9 


0,10 
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0.36 


0.19 
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CIO 


0.47 


0.25 


0.55 


Traces 


Traces 


Traces 


Traces 


Traces 


Cll 


0.55 


0.48 


0.94 


0,95 


Traces 


Traces 


Traces 


Traces 


C12 


0.79 


0.18 


0.78 


Traces 


Traces 


Traces 


Traces 


Traces 



The tensile strength 
coercive force He 
saturation magnetization J 
20 damping as a percentage amplitude after 15 seconds 
damping as a percentage amplitude after 25 seconds 



of the steels were tested. 
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The test results are compiled in Table II below, which 
in addition to the layer thickness also gives the 
hardening temperature or the coating temperature; it 
effects tempering and leads to an increase in the 
5 tensile strength, as demonstrated by the damping 
properties of Test 5, which relates to a specimen of 
alloy El without coating and accordingly also without 
tempering during the coating operation. This reveals 
the importance of the tempering for the increase in 
10 strength. 
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Tests 5, 12 to 14 and 19 relate to steels which are too 
soft and do not have sufficient spring properties. 
Therefore, there was little sense in determining the 
spring damping. Accordingly, no residual amplitude is 
5 given for these tests in Table II (n.d.). 

In general with regard to the residual amplitude, it is 
the case that the lower the residual amplitude given, 
the better the vibration damping. 

The vibration performance was determined with the aid 
of the measurement apparatus illustrated in Fig. 3. 
During the tests, one side of the specimens 14 was 
clamped in a pedestal 15, then the specimens were made 
to deviate laterally over a distance of D = 11 mm and 
then let go. The vibrations of the freely vibrating 
specimens as a function of time were recorded with the 
aid of a sensor, the amplified signal was fed to a PC 
measurement card and stored with a time resolution of 
4400 measured values per second as a vibration diagram. 
The envelope of this vibration diagram was determined, 
and the percentage residual amplitude compared to the 
starting amplitude at instant zero (100%) was in each 
case determined on the basis of the resulting envelope 
curve or damping curve 16 after 0.15 and 0,25 second. 

The magnetic characteristic values of the specimens 
were determined with the aid of a hysteresis curve from 
which the values for the coercive force He and the 
30 saturation magnetization J^ax were taken in accordance 
with DIN 50460. 

Fig. 4 illustrates the typical vibration performance of 
conventional spring rails. The profile of the envelope 
35 or damping curve 16 follows an exponential function. 
This can be explained by the fact that during the 
vibration of a leaf spring, a compressive stress or a 
tensile stress occur alternately at the leaf surface 
after deflection. A vibration of this type is generally 
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described by a differential equation. The calculations 
of a vibration are usually based on a linear force 
relationship. The result of this linear force 
relationship is that the vibration can be described 
5 very successfully by an exponentially decreasing 
vibration curve. However, if, as in the case of the 
alloy according to the invention, there are magneto- 
mechanical interactions in the microstructure , the 
condition for the linear force relationship is no 

10 longer satisfied and a mechanical hysteresis occurs 
during vibration. This is stronger at high amplitudes 
or excursions than at low ones, since the energy loss 
is dependent on the surface area of the hysteresis 
curve. In such a situation, an exponentially decreasing 

15 damping curve is not attained. Rather, there is very 
strong initial damping. 

The two damping curves 17, 18 for the spring rails 
formed from comparison steels C9 and CIO in Tables I 

20 and II behave similarly; these follow Hooke ' s law. By 
contrast, curve 19 for the spring rail according to the 
invention formed from steel El in Table I or test 2 in 
Table II behaves differently. The profile of the curve 
19, on account of its relatively steep drop, reveals 

25 high initial damping, which can be explained by a 
nonlinear deviation from Hooke ' s law, caused by the 
abovementioned stress ^induced domain wall movements as 
occur within the field of values according to the 
invention for coercive force and magnetic saturation. 

30 

In principle, a mechanical stress a in a material 
causes a change in the atomic spacing, which in 
practise manifests itself as strain e , The known 
relationship or modulus of elasticity E is derived from 
35 this in accordance with the following formula: 



E = Eg = — 
Eg 



{the index G indicates that the modulus of elasticity 
is dependent on the lattice strain) , 

In the case of magnetically coupled microstructural 
constituents, such as ferrite and martensite, however, 
a stress, in addition to the lattice strain, also 
causes a change in the domain arrangement, for which 
reason an additional strain has to be taken into 

account in the equation. This results in the following 
relationship 



Emm represents a combination of all magnetically induced 
strains and additional strains; it is composed of three 
component strains and also encompasses the volume 
magnetostriction and its analogous strain component. 

Therefore, the magneto-mechanical damping is produced 
by the fact that a mechanical stress not only changes 
the atom spacing (lattice strain) but also gives rise 
to the changes caused by the stress-induced domain wall 
movements . 

The favorable vibration performance is explained by 
strong magneto-mechanical damping. This is formed on 
account of the fact that in the event of vibration the 
domain arrangements are changed, in the form of an 
imposed volume magnetostriction, as a result of changes 
in the mechanical stress over the course of time* 

Since the stress-induced domain wall movement is 
associated with inelastic and eddy current losses, in 
the event of vibrating loads a mechanical hysteresis 
occurs , i.e. there is a nonlinear deviation from 
Hooke ' s law. 
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In this context, of course, the strength of the 
obstacles of the domain wall movements {i.e. the wall 
energy and therefore the He value) also plays a major 
role, since they are ultimately responsible for the 
5 extent of damping. Optimum magneto-mechanical damping 
by stress-induced domain wall movements is accordingly 
only possible within a certain field of values for J 
{magnetic polarization) and HC {coercive force) . 



10 The damping can be improved further by coating with the 
aid of a thermosetting powder coating, A coating of 
this type has a number of advantageous effects: it 
increases the resistance to corrosion and the tensile 
strength and allows a coefficient of friction which is 

15 favorable for introduction of a spring rail into the 
wiper strip and also makes it possible to adapt the 
surface structure and the appearance to the appearance 
of the rubber wiper strip. 

20 The excellent damping performance of the spring 
elements according to the invention (spring rail) is 
caused by the microstructure, which is composed of 
soft-magnetic ferrite and in relative terms 
comparatively hard-magnetic martensite with nonmagnetic 

25 fine precipitations of carbides and/or carbonitrides , 
as well as the volume proportions of the two magnetic 
phases ferrite and martensite. The ferrite has a high 
magnetic polarization, i.e. a very strong internal 
magnetization compared to the saturation magnetization 

30 of pure iron at 2.2 T or 22000 Gauss. This results in 
slight remagnetization, i.e. the ferrite is 
magnetically soft, which manifests itself by a low 
coercive force or a low wall energy. Although 
martensite has a lower magnetizability or a 

35 significantly lower magnetic polarization, compared to 
ferrite, its magnetic domains are more strongly fixed 
in energy terms on account of the fine precipitations/ 
but also on account of alloying elements dissolved in 
the crystal lattice . Compared to ferrite, the 



martensite is more difficult to remagnetize, which 
means that it is magnetically harder and accordingly 
has a higher HC value. 

The magnetic domains are magnetizable regions which are 
delimited by what are known as Bloch walls • The 
stability of the magnetic domains is expressed in what 
is known as the wall energy. The wall energies of 
ferrite are generally low and therefore give rise to 
easy remagnetization or a low coercive force below 
approximately 1 A/cm. 

The damping performance can be set or optimized with 
the aid of the proportion by volume of the two 
magnetizable micros tructure constituents (ferrite and 
martensite) and the resultant magnetic hardness , This 
is done with the aid of solution annealing with a 
duration of from 0.5 to 60 min at 900 to llOO^C and 
cold-forming with a total degree of deformation of over 
65%. In this way, it is possible to achieve a magnetic 
saturation, as a total value for the two magnetizable 
phases ferrite and martensite, of the order of 
magnitude of from 1.45 to 1.75 T. 

To set the magnetic hardness, the cold-forming may be 
followed by a tempering treatment, for example with a 
duration of from 0.1 to 1 min at a temperature of from 
200 to SSCC in order to achieve a coercive force of 
from 190 to 320 A/cm. The tempering treatment can be 
carried out at the same time as the coating with a hot- 
hardening powder coating or coating- 



Patent claims : 



A spring element, in particular a spring rail for 

wipers, made from a ferritic chromium steel, 

consisting of 

0.03 to 0.12% of carbon 

0.2 to 0,9% of silicon 

0.3 to 1% of manganese 

13 to 20% of chromium 

less than 0*5% of nickel 

0.1 to 2% of molybdenum 

0.05 to 1.0% of copper 

0,02 to 0.5% of nitrogen 

less than 0.01% of titanium 

0.01 to 0.10% of niobium 

0-02 to 0.25% of vanadium,, remainder iron. 

The spring element as claimed in claim 1, 
characterized in that the steel contains at most 
0.1% of carbon^ at most 1.5% of molybdenum, 0.1 to 
0.5% of copper and at least 0.03% of nitrogen. 

The spring element as claimed in claim 1, 
characterized by a carbon content of from 0.06 to 
0,1%, a chromium content of from 15 to 18% and a 
molybdenum content of from 0.8 to 1.5%. 

The spring element as claimed in one of claims 1 
to 3, characterized by a coercive force of from 
190 to 320 A/cm and a magnetic saturation of from 
1.45 to 1*75 T. 

The spring element as claimed in one of claims 1 
to 4 , characterized by a thermosetting powder 
coating . 

The spring element as claimed in claim 5, 
characterized by a layer thickness of from 0.05 to 
0 . 15 mm. 
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The spring element as claimed in one of claims 1 
to 6, characterized by solution annealing for from 
0,5 to 60 min at 900 to 1100°C, 

The spring element as claimed in claim 7, 
characterized by cold-forming with a degree of 
deformation of over 65%* 

The spring element as claimed in claim 8, 
characterized by tempering after the cold^forming 
for from 0,1 to 1 min at 200 to 380°C. 

The spring element as claimed in claim 9, 
characterized by a coating hardening temperature 
which is in the region of the tempering 
temperature . 



Abstract 



Spring element, in particular spring rail for wipers , 
in particular of motor vehicles, with a low tendency to 
vibrate or a high attenuation, made from a ferritic 
chromium steel comprising 0.03 to 0,12% of carbon, 0,2 
to 0*9% of silicon, 0.3 to 1% of manganese, 13 to 20% 
of chromium, 0,1 to 2*0% of molybdenum, 0.05 to 1,0% of 
copper, 0.02 to 0,05% of nitrogen, less than 0,01% of 
titanium, 0,01 to 0*10% of niobium and 0.02 to 0,25% of 
vanadium, remainder iron. 
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